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3 Beam position monitor

To ensure the stability of the beam along the beamline
and at the target, 21 Beam Position Monitors (BPMs)

were installed.

Constraints for the BPMs included: mechanical robust-
ness, radiation hardness, nondestructive measurements (no
direct interaction with the beam), and the ability to oper-
ate over a large dynamic range, from beam tuning with
only 10" protons per bunch up to 10* protons per bunch,
accuracy and bunch position resolution to better
than 0.5mm. Beam tests were performed and the decision
was made to adopt conventional Electrostatic Monitor
(ESM) design with rectangular electrodes with 80° coverage

per electrode. The inside of an ESM is shown in Fig. 5.

Figure 5 An ESM viewed from inside the beampipe.

Fifteen 125mm long ESMs were installed in the normal
conducting sections, and five 210mm long ESMs were in-
stalled in the superconducting arc section of the beamline.
A third type of ESM of 160mm length was installed in the
“Monitor Stack” located in the wall between the primary
beamline and target station—containing the beam target
and focusing horn magnets. The ESMs lengths were max-
imized given the geometrical constraints of the beamline in
order to increase the signal size for very low beam intensi-

ties.

Prior to installation the response of the ESMs were
mapped by simulating the beam with a current carrying
wire. Each ESM was placed on a 2D X-Z stage. To simu-
late a particle beam a current carrying wire was threaded
through the ESM and the monitor responses were recorded
for a grid of 91 relative beam/wire positions. By fitting the
signal sizes for the different wire positions the relative
gains of the four electrodes were determined to a precision
of 0.1%.
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To an excellent approximation the beam produces only a
transverse electric field which produces an image charge on
the ESM electrodes. The capacitance between the electrode
and the beampipe wall acts as a differentiator circuit, re-
sulting in the ESM raw signals representing the first time
derivative of the beam bunch shape. As such, the signals
are bipolar, very fast and not easy to treat with conven-

tional low pass filter /integrator circuits.

The signals on the installed ESM electrodes are trans-
ported from the beamline to the readout electronics by
cables averaging 100m in length. These signals are then
optionally passed through attenuators before being sampled
by 12bit,160 MHz Fast ADCs(FADCs).

The four waveforms from one ESM for a single bunch,

digitized and sampled by the FADC are shown in Fig. 6.
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Figure 6 Waveforms from four ESM channels digitized by
the 160 MHz FADC.

To the leading order the beam position within an ESM
can be determined simply from the asymmetry in signal
sizes between opposite electrodes. For example the beam
horizontal position could be given by z o< +% where L and
R represent signal sizes from the two electrodes in the ho-
rizontal plane, and the constant of proportionality is a
function of monitor radius and electrode angular coverage.
However, this simplistic analysis method becomes invalid
when the beam is not close to the centre and ignores the
constraints that can be applied by using information from
the third and fourth electrodes in an ESM. For these rea-
sons, the four signals are fit to the theoretical response
(using higher order terms) of the ESM (with channel gain
calibration results applied) to obtain both z and y beam
positions and an additional parameter proportional to the
overall signal size. Using this method the ESMs have pro-
vided beam position measurements with a linear response
for beam displacements up to half the beampipe radius

from the beampipe centre.
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During stable beam operation with 2x10" protons per
bunch and six bunches per spill, the ESMs have provided
bunch-by-bunch beam position measurements with 0.5 mm
and 0.3mm resolution in the super and normal conducting
sections of the beamline, and spill average (combined mea-
surement of six bunches) measurements of 0.3mm and
0.2mm.

Further work is being undertaken to minimize noise and
crosstalk and to treat backgrounds in the waveforms
caused by charged particles directly deposited on the ESM

electrodes.
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